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(57) Abstract 

A pipelined data server (14) having an improved data 
transfer architecture is used with a distributed computer network 
and a plurality of secondary storage devices to efficiently transfer 
data between the network and the secondary storage devices. 
The pipeline, multiprocessor data server includes a common 
interprocessor bus (52) that connects one or more communication 
processors (54) and file processors (58) to one or more device 
processors (60), each having a buffer memory (64) as part of the 
device processor. The common bus provides for global direct 
access to each of the buffer memories in the device processors 
by any of the other processors. The buffer memories are also 
connected to the secondary storage device attached to the device 
processor by a DMA transfer path in the device processor. In 
this way, data transfer can occur between the secondary storage 
device and the network with only one data transfer across the 
tnmon bus. The data transfer architecture of the device 
processor of the present invention is also organized in a pipelined 
manner so as to allow for multiplexed data transfers among the 
microprocessor, bus interface, I/O controller, and buffer memory 
which comprise the device processor. 



NODE 



USER 
NODE 



,12b 



USER 
NODE 



V 



10 



,120 



COMMUNICATION 
PROCESSOR 



HOST 
PROCESSOR 



-54 58^ 



FILE 
SYSTEM 
PROCESSOR 



BUFFER 
MEMORY 



DEVICE 
PROCESSOR 



52 ^ 



,60 



64, 



BUFFER 
MEMORY 



DEVICE 
PROCESSOR 



ONLINE 
DEVICES 



ONUNE 
DEVICES 



y/ 620-^ 



ONLINE 
DEVICES 



ONLINE 
DEVICES 



REMOVABLE 
DEVICES 



REMOVABLE 
DEVICES 



&6C 



-46 



14" 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets pub lishin g international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 

Netherlands 


BE 


Belgium 


GR 


Greece 


NL 


BF 


Burkina Faso 


HU 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Bcoid 


IT 


Italy 


PL 


Poland 


BR 


Brazil 


JP 


Japan 


PT 


Portugal 


BY 


ocima 


KE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyrgystan 


RU 


Russian Federation 


CF 


Central Afiicao Republic 


KP 


Democratic People's Republic 


SD 




CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


a 


Cote d'lvoire 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameroon 


U 


t_ iff -itf f -0 ff^f^O 


SN 


Senega] 


CN 




LK 


Sri Lanka 


TD 


Chad 


CS 


Chechoslovakia 


LU 


Luxembourg 


TG 


Togo 


CZ 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


IT 


Trinidad and Tobago 


DK 




MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


n 




ML 


Mali 


UZ 


Uzbekistan 


FR 


Prance 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











WO 94/18630 



PCT/US94/01126 



1 



10 METHOD AND APPARATUS FOR PIPELINED DATA SERVER 

HAVING IMPROVED DATA TRANSFER 

TECHNICAL FIELD 

The present invention relates generally to controllers for secondary 
15 storage systems, such as disk drives, tape drives and the like, for computer 
processing systems. More particularly, the present invention relates to a 
pipelined, multiprocessor data server for a distributed computer network 
environment having improved data transfer characteristics. 

20 BACKGROUND OF THE INVENTION 

The use of secondary storage systems to provide for online storage 
for a computer processing systems that is separate from the primary or 
main memory of the computer processing system is well known. 
Examples of current secondary storage systems include magnetic disk 

25 drives, optical disk drives, magnetic tape drives, solid state disk drives and 
bubble memories. Typically, secondary storage systems have much larger 
memory capacities than the primary memory of a computer processing 
system; however, the access to data stored on most secondary storage 
systems is sequential, not random, and the access rates for secondary 

30 storage systems can be significantly slower than the access rate for primary 
memory. As a result, individual bytes of data or characters of information 
are usually stored in a secondary storage system as part of a larger 
collective group of data known as a file. 

In a distributed computer network environment, a user program 

35 can access both local files, i.e. files stored on secondary storage systems 
directly connected to the computer processor, as well as remote files, i.e., 
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files stored on secondary storage systems that are accessed via a distributed 
network. As the popularity of distributed computer networks has 
increased, the demand to store ever increasing volumes of data as remote 
files has also increased. In response to this demand, a number of remote 
5 secondary storage systems have been developed primarily for the purpose 
of storing remote files. These secondary storage systems, known as data 
servers, file servers or information servers, are not connected to an 
individual computer like a traditional secondary storage device; rather 
they are connected to the distributed network itself. Examples of current 
10 large capacity data servers for a distributed computer network 
environment using the System V operating system program include: the 
UniTree™ Virtual Disk System available from General Atomics /DISCOS 
Division, San Diego, California; the Epoch-1 Infinite Storage™ Server 
available from Epoch Systems, Inc., Westborough, Massachusetts; and the 
15 Auspex NS 5000™ Network Server available from Auspex Systems, Inc., 
Santa Clara, California. 

While some network data servers like the UniTree™ Virtual Disk 
System are software-based packages implemented on a variety of 
traditional workstation platforms, most current network data servers 
20 utilize some type of specialized designed processor hardware that 
improves the performance and capacity of the networked secondary 
storage system. The most notable of these specialized hardware designs 
are the multiprocessor network data servers which have multiple 
processors operating in parallel in order to facilitate servicing more than 
25 one file request at a time. The Epoch-1 Infinite Storage™ Server, for 
example, uses a single board architecture having a single inter-processor 
bus with two processors, two SCSI interfaces and two LAN interfaces each 
with its own speed matching buffer, and a two-ported global memory 
accessible by both processors. The Auspex NS 5000™ Network Server uses 
30 a parallel processor architecture with multiple processors each having its ) 
own local memory and speed matching buffer, where all of the processors 
are connected together via a common backplane bus and a separate, 
common global memory board that is accessed via the common inter- 
processor bus. The parallel network file server architecture of the Auspex 
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NS 5000™ Network Server is described in detail in U.S. Patent No. 
5,163,131, issued to Row et al. 

The advantage of a multiprocessor network data server is that the 
work load for responding to remote file requests can be distributed over a 
5 number of processors working together, and in parallel, thereby 
theoretically increasing the overall performance of the network data 
server. Unfortunately, the current designs for multiprocessor network 
data servers sometimes do not achieve this theoretical increase in 
performance due to data transfer conflicts within the network data server. 

10 In the Auspex NS 5000™ Network Server as described in U.S. Patent No. 
5,163,131, for example, at least two transfers across the common bus are 
required in order to move a byte of data from a secondary storage device 
onto the network. As a result, the maximum transfer rate of the data 
server is necessarily less than one-half of the maximum effective data 

15 transfer rate of the common bus. 

The use of a data transfer path that crosses a common bus 
connecting the multiple processors in the current multiprocessor network 
data servers can delay the parallel processing of other remote file requests 
which may also contending for the common bus. Obviously, one solution 

20 in the prior art is to provide for multiple data transfer paths in the form of 
multiple busses, as shown, for example, in U.S. Patent No. 5,121,480, 
issued to Bonke et al. Such a solution, however, gives up the modular 
advantages of constructing the network data server using a common bus 
whereby additional processors can be easily added to the network data 

25 server merely by adding another processor to the common inter-processor 
bus. In addition, both the cost and complexity of providing for inter- 
processor communication via multiple busses increase significantly. 

In addition to the problems caused by multiple internal transfers 
across a common bus, another problem with current multiprocessor 

30 network data servers is that the device controllers are not capable of 
simultaneous operation between both the secondary storage devices and 
the common bus. As a result, requests must be processed sequentially by 
the device controllers and the device controllers can be idled for 
significant periods of time waiting for operational responses from the 
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secondary storage devices. One of the most problematic examples is the 
delay in waiting for the head positioning latency of a disk drive in 
response to a seek command. Again, multiple busses within the device 
controller would allow for such simultaneous operation; however, this 
solution necessarily increases both the cost and complexity of the device 
controller and, hence, of the network data server. 

Although the use of multiple processors in current network data 
servers has increased the performance of such data servers, it would be 
advantageous to provide a network data server with an improved data 
transfer architecture that overcomes the disadvantages of current 
duplicate data path transfers, while at the same time retaining the 
advantages of using a common inter-processor bus for a multiprocessor 
network data server. It would also be advantageous to provide a 
multiprocessor network data server with an improved data transfer 
architecture within the device processor that would allow for multiplexed 
operation between the device processor and both the secondary storage 
devices and a common inter-processor bus. 

SUMMARY OF THE INVENTION 

The present invention is a method and apparatus for a pipelined 
data server having an improved data transfer architecture. The pipelined 
data server is used with a distributed computer network and a plurality of 
secondary storage devices to efficiently transfer data between the network 
and the secondary storage devices. The pipelined, multiprocessor data 
25 server includes a common inter-processor bus that connects one or more 
communication processors and file processors to one or more device 
processors, each having a buffer memory as part of the device processor. 
The common bus provides for global direct access to each of the buffer 
memories in the device processors by any of the other processors. The 
30 buffer memories are also connected to the secondary storage device 
attached to the device processor by a DMA transfer path in the device 
processor. In this way, data transfers can occur between the secondary 
storage device and the network with only one data transfer across the 
common bus. 



10 
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The data transfer architecture of the device processor of the present 
invention is also organized in a pipelined manner so as to allow for 
multiplexed data transfers among the microprocessor, bus interface, I/O 
controller and buffer memory which comprise the device processor. As a 
5 result, the microprocessor can be communicating with the I/O controller 
to set up the I/O commands for another data transfer at the same time that 
the results of the current data transfer are being communicated with the 
common bus and on out to the network. The ability to multiplex 
communications within the device processor significantly improves the 

10 overall performance of the pipelined data server by making effective use 
of all of the capabilities of the pipelined device processor. For example, the 
device processor can be transferring its buffer memory to the 
communication processor during the disk positioning latencies that are 
normally encountered when requesting a new track and sector on the disk 

15 drive. As a result, the impact of these positioning latencies is effectively 
hidden and do not impact the maximum data transfer capability of the 
data server. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 Figure la is a block diagram of a prior art multiprocessor network 

data server. 

Figure lb is a flow diagram of the data transfer for a read operation 
performed by the multiprocessor network data server of Figure la. 

Figure 2a is a block diagram of another prior art multiprocessor 
25 network data server. 

Figure 2b is a flow diagram of the data transfer for a read operation 
performed by the multiprocessor network data server of Figure 2a. 

Figure 3 is an overall block diagram of the pipelined network data 
server of the present invention. 
30 Figures 4a is a detailed block diagram of the pipelined network data 

server of the present invention. 

Figure 4b is a flow diagram of the data transfer for a read operation 
performed by the pipelined network data server of Figure 4a. 
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Figure 5 is an overall functional block diagram of the processor 
boards of the preferred embodiment of the present invention. 

Figure 6a and 6b are detailed block diagrams of the support logic for 
the processor boards shown in Figure 5. 

5 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to Figures la-lb and 2a-2b, the data transfer architecture of 
two different types of prior art multiprocessor network data servers will be 
described. A typical computer network environment of the type shown in 

10 Figures la and 2a will include a plurality of user nodes 10, such as 
workstations, graphics terminals or personal computers, which are 
connected via a network 12 to a data server 14 having a number of 
secondary storage devices 16. 

The prior art multiprocessor network data server 14a shown in 

15 Figure la utilizes a pair of processors, front end processor (FEP) 20 and 
application processor (AP) 21, that are connected to a dual ported memory 
22 and to a common inter-processor card bus 23. Also connected to the 
common card bus are two SCSI ports 24, SCSI 0 and SCSI 1, and two LAN 
ports 25, LAN 0 and LAN 1. Each port is provided with a DMA transfer 

20 circuit 26 between the SCSI ports 24 and the secondary storage devices 16 
and a DMA transfer circuit 27 between the LAN ports 25 and the network 
12, which in this example is an IEEE 802.3 EtherNet®-compatible network. 
All of the components of the multiprocessor network data server 14a are 
populated on a single circuit card (not shown). The common inter- 

25 processor card bus 23 is a non-intelligent bus interface that is controlled by 
either of the processors 20, 21. As a result, data transfers internal to the 
prior art multiprocessor data server 14a occur under control of one of the 
processors 20, 21 and there is no effective ability to implement a DMA-type 
transfer internal to the data server 14a. 

30 Figure lb shows the data transfer path through the prior art 

multiprocessor data server 14a for a typical block-oriented read operation 
where an entire block of data is read from one of the SCSI ports 24 into the 
memory 23 before being transferred out one of the LAN ports 25. 
Although the byte transfer speeds across the card bus 23 are significantly 
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greater than data transfer speed for either the SCSI ports 24 or the LAN 
ports 25, the fact that at least four separate byte-oriented transfers across the 
card bus 23 are required in order to move the data to be read from the SCSI 
port 24 to the LAN port 25 significantly impacts on the overall data 
transfer performance of the prior art multiprocessor data server 14a. 

Referring now to Figure 2a, the data transfer path in a second prior 
art multiprocessor network data server 14b will be described. A common 
backplane bus 30 provides an intelligent communication interface among 
a number of processor cards connected to the backplane bus 30. The 
processor cards include one or more network cards 31 for interfacing with 
the network 12, a global memory card 32 having all of the global memory 
for the data server 14b, a host processor card 33, one or more file cards 34 
for implementing the file commands of the standard System V file system, 
and one or more storage cards 35 for controlling the secondary storage 
devices 16 attached thereto by a SCSI interface. As with the prior art 
multiprocessor data server 14a, a DMA transfer circuit 36 is provided 
between each storage card 35 and the secondary storage devices 16, and a 
DMA transfer circuit 37 is provided between each network card 31 and the 
network 12. 

Figure 2b shows the data transfer path through the prior art 
multiprocessor data server 14b for a typical block-oriented read operation 
where an entire block of data is read from one of storage cards 35 into the 
memory 32 before being transferred out one of the network cards 31. It 
will be seen that due to the fact that the backplane bus 30 is capable of 
supporting DMA transfers internal to the multiprocessor data server 14b, 
the overall data transfer path is much shorter than for the multiprocessor 
network data server 14a. As described in the background of the invention, 
the problem with the data transfer path in this type of prior art 
multiprocessor network data server 14b is that at least two transfers across 
the common bus 30 are required in order to move a byte of data from a 
secondary storage device 16 onto the network 12. As a result, the 
maximum transfer rate of the data server 14b is necessarily less than one- 
half of the maximum effective data transfer rate of the common bus 30. 
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An overall block diagram of the preferred embodiment of the 
pipelined, multiprocessor network data server 40 of the present invention 
is shown in Figure 3. The pipelined network data server 40 is 
implemented using a number of microprocessor boards operating in a 
5 pipelined, multiprocessing environment and all connected to a common 
backplane VME bus 52 for intelligent inter-processor communication 
within the pipelined data server 40. In this configuration, one or more 
communication processors 54 or an EtherNet® port of a host processor 56 
are used to interface the pipelined data server 40 with the distributed 
10 computer networks, such as EtherNet® 12a, FDDI 12b, or Fibre Channel or 
any other type of Transport Control Protocol /Internet Protocol (TCP/IP) 
network. The host processor 56 executes standard Unix® System V, 
Release 4.0 operating system code to allow the pipelined data server 40 to 
present the standard Unix® interface to the networks 12 to which the 
15 pipelined data server 40 is connected. In the preferred embodiment, one 
or more real-time file system processors 58 execute a unique control 
program as described in the previously identified co-pending application, 
although it will be recognized that the standard System V file system could 
also be implemented by the pipelined data server 40 of the present 
20 invention. One or more device processors 60 are also connected to the 
VME bus 52 to physically control the I/O operations of the plurality of 
remote secondary storage devices, either online secondary storage devices 
46 or removable secondary storage devices 48 that are connected to the 
particular device processor 60 in the pipelined data server 40 by one or 
25 more SCSI busses 62a, 62b. 

In the preferred embodiment, each of the file system processors 58 is 
assigned one or more unique device processors 60 to control, and no 
device processor 60 is assigned to more than one file system processor 58 
in order to minimize synchronization and contention problems within 
30 the pipelined data server 40. Each of the device processors 60 contains a 
buffer memory 64 connected by direct DMA access 65 to the ports for the 
SCSI busses 62a and 62b. The buffer memory 64 is also connected to the 
VME bus 52 to form part of a VME global data buffer memory space 
accessible by all of the processor boards 54, 56, 58 and 60. In the preferred 
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embodiment, each buffer memory 64 has a unique 16 Mbytes of VME 
memory space, and the pipelined data server 40 may be populated with a 
total of fourteen device processors 60, each having a buffer memory 64 
with 16 Mbytes of memory space for a total VME global memory space of 
5 224 Mbytes for the pipelined data server 40. The buffer memory 64 in each 
device processor 60 is managed by the file control program of the pipelined 
data server 40 so as to implement a direct DMA transfer between the buffer 
memory 64 and the communication processor 54. This eliminates the 
need for duplicate transfers of information within the pipelined data 
10 server 40 when responding to a transfer request, thereby significantly 
increasing the overall data transfer speed of the pipelined network data 
server 40. 

The pipelined, multiprocessing environment is preferred for the 
data server 14 so as to distribute the work load of responding to user nodes 

15 10 on the networks 12 that initiate requests for remote files 42. When a 
request for a remote file has been received over a network 12 by a 
communication processor 54, it is partially cracked or decoded. Cracking 
refers to the decoding of the commands that make up the request for the 
remote file 42 so that the specified operation and file name are known to 

20 the pipelined data server 40. The partially cracked command is then 
passed onto the host processor 56 where the cracking or decoding is largely 
completed. Once a remote file command has been completely cracked by 
the host processor 56, the host processor 56 passes that command over the 
VME bus 52 to the file control program executing in the file processor 58 

25 that has been assigned responsibility for the remote file tree 44 on which 
the requested remote file 42 is stored. 

Referring now to Figure 4a, a more detailed description of the 
hardware of the preferred embodiment of the pipelined data server 40 will 
be presented. Only one of each of the processor boards is shown in Figure 

30 4a for ease of representation. The VME bus 52 is a standard VME 
backplane bus for a sixteen card slot chassis available from Bicc-Vero, Inc., 
Hampshire, England. For a more detailed description of the operation of 
the intelligent VME bus, reference is made to The VMEbus Specification. 
Rev. D, VFEA Int'l Trade Assoc. (1991) Scottsdale, Arizona. The VME bus 
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has a maximum data transfer rate of 80Mbytes/sec when operating in D64 
transfer mode. The communication processor 54 is an Eagle™ 
communication card for an EtherNet® IEEE 802.3 network, or an FDDI 
communication card for the FDDI network, both of which are available 
5 from Interphase, Inc., Dallas, Texas. The EtherNet® network has a 
maximum data transfer rate of lOMbits/sec and the FDDI network has a 
maximum data transfer rate of lOOMbits/sec. For the Fibre Channel 
network, the communication processor 54 is a variation of one of the 
processor boards described below that uses a VHSCI chip set available from 

10 Ancor Communications, Inc., Minnetonka, Minnesota to interface with 
the current Fibre Channel standards. The Fibre Channel network 
currently has a maximum data transfer rate of 266Mbits/sec. The host 
processor 56 is either a host 167 host card with a 68040 microprocessor, or a 
187 host card with a RISC microprocessor, both of which are available 

15 from Motorola, Inc., Schaumberg, Illinois. The DMA/VME interface 66 
for each of the processor boards is a D64VME Chip 2 also available from 
Motorola, Inc., or a compatible VME interface chip set. The SCSI processor 
68 is an NCR53C720 SCSI controller, available from NCR, Corp., Dayton, 
Ohio. 

20 Figure 4b shows the data transfer path through the pipelined data 

server 40 of the present invention for a typical block-oriented read 
operation where an entire block of data is read. It will be seen that the 
unique arrangement of the device processor cards 60 and the buffer 
memory 64 eliminates one of the data transfers across the VME bus 52 that 

25 are otherwise required in the prior art multiprocessor data server 14b as 
shown in Figure 2b. Instead, the data is DMA transferred directly from the 
secondary storage device 16 by the DMA circuit of the SCSI controller 68 
into the buffer memory 64. Once the entire block of data is resident in the 
buffer memory 64, a single transfer across the VME bus 52 is setup to 
30 transfer the data from the device processor 60 to the communication 
processor 54, and from there onto the network 12. As a result, the 
maximum transfer rate of the pipelined network data server 40 of the 
present invention is equal to the maximum effective data transfer rate of 
the VME bus 52. 
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In the preferred embodiment of the present invention, a similar 
circuit board is used for all of the processor boards except the host 
processor 56. The communication processor 54 for the Fibre Channel, the 
file system processor 58 and the device processor 60 all use the same circuit 
5 board and most of the same circuitry. The primary difference among the 
processor boards is the software that will execute in each processor board 
and whether the memory for that processor board is to be global memory 
in the form of buffer memory 64, or is to be private memory 70, as shown 
for example with the file system processor 58 in Figure 4a. 
10 As shown in Figure 5, the common processor board 80 includes 

memory 82, a microprocessor 84, an input/output controller 86, the 
DMA/VME interface 66, including a bus buffer 87, and multiplexing logic 
88, including an address decoder and arbiter 89, that allow for two separate 
data transfer operations to be accomplished by the common processor 
15 board 80 simultaneously over the address paths 90 and data paths 92 that 
interconnect each of the components 82, 84, 86 and 66 to the multiplexing 
logic 88. An interrupt line 94 is connected between the input/output 
controller 86 and the microprocessor 82, and control lines are also 
connected between the DME/VME interface 66 and the microprocessor 82. 
20 Several LEDs 98 are also included to monitor the activity of the processor 
board 80, as well as to assist in performing diagnostics. 

In the preferred embodiment of the common processor board 80, 
the microprocessor 84 is an MC68EC030 microprocessor available from 
Motorola, Inc.. For a more detailed description of the operation and 
25 functions of the MC68EC030 microprocessor, reference is made to the 
"MC68EC030 32-bit Embedded Controller User's Manual", available from 
Motorola, Inc. The MC68EC030 microprocessor operates at 32MHz and 
includes 1 Mbytes of local control SRAM. The memory 82 is 16 Mbytes of 
DRAM having a peak data transfer rate of lOOMbytes/sec. The memory 82 
30 is capable of accessing data stored therein from a single byte to 64 bytes of 
data per address. Depending upon whether or not the common processor 
board is to be configured as a device processor 60, the memory 82 will 
either be a large private memory 70, or will be part of the VME global 
memory space as a buffer memory 64. The input/ output controller 86 will 
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also depend upon the function for which the common processor board 80 
will be used. If the common processor board 80 is to be a device processor 
60, then ihe input/output controller 86 are a pair of NCR53C720 SCSI 
controllers, available from NCR, Inc. If the common processor board 80 is 
5 to be a Fibre Channel communication processor 52, then the input/ output 
controller 86 is the VHSCI chip set available from Ancor 
Communications, Inc.. As previously indicated, the DMA/VME interface 
66 for each of the processor boards is a D64VME Chip 2 available from 
Motorola, Inc., or a compatible VME interface chip set. 

10 Referring now to Figure 6a and 6b, a detailed description of the 

multiplexing logic 88 and the address decoder and arbiter 89 will be 
presented. As shown in Figure 6a, each of the address paths 90 and data 
paths 92 are connected to a unique port A,B,C,D of a series four-port 
multiplexor AM29C932 chips 100, available from Advanced Micro 

15 Devices, Inc., Sunnyvale, California. For the address paths 90, four chips 
100 are used and for the data paths 92, five chips 100 are used. A control 
line 102 for each port A,B,C,D of each chip 100 is supplied by the address 
decoder and arbiter 89 that determines what connection will be established 
within the multiplexor chips 100. 

20 Figure 6b shows the details of the address decoder and arbiter 89 that 

supplies the control lines 102 to the multiplexor chips 100. Three PALs 104 
are provided, one being connected to the address paths 90 of each of the 
microprocessor 82, the input/output controller 86 and the DMA/VME 
interface 66. The PALs 104 supply each of these components with a Grant 

25 signal 106 in response to a Request signal 108 and a Busy signal 110. Each 
of the PALs 104 is in turn connected to a mux control 112 that arbitrates 
among the various Request signals 108 and Busy signals 110 to determine 
which data paths 92 will be established through the multiplexor chips 100 
and supplies the control lines 102 to each of the four ports A, B, C and D of 

30 the multiplexor chips 100 for that purpose. 
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CLAIMS 



1 1. An integrated data server for use with a distributed computer 

2 network and a plurality of secondary storage devices, comprising: 

3 at least one communication processor means operably 

4 connected to the computer network for receiving commands from a 

5 plurality of user nodes on the computer network to access and store 

6 one or more remote files using the integrated data server; 

7 at least one device processor means operably connected to the 

8 plurality of secondary storage devices for controlling access to and 

9 storage of the remote files on the secondary storage devices, each 

10 device processor means including a buffer memory to store selected 

11 blocks of the remote files as the remote files are transferred between 

12 the buffer memory means and the secondary storage devices via a 

13 DMA transfer path in the device processor means; 

14 file processor means for decoding the commands and 

15 managing a plurality of pointers to the buffer memory to control 

16 the transfer of the remote files within the integrated data server; 

17 and 

18 a common bus connected to all of the communication 

19 processor means, the device processor means and the file processor 

20 means and providing global direct access to the buffer memory 

21 means in each device processor means such that the selected blocks 

22 of a remote file may be transferred directly from the buffer memory 

23 to the computer network in a single data transfer operation. 
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Fig. 3 
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